Introduction
Ageing affects most eukaryotes, yet it remains unclear whether the causes of ageing are conserved. At a first glance, ageing in lower organisms seems to have little in common with ageing in mammals, yet -from an evolutionary perspective -one might not expect conservation given that ageing is not subject to natural selection. However, most life-forms share common weak spots that become increasingly susceptible to failure over time. One such ''Achilles' Heel'' is the genome, a fragile and highly conserved structure that accumulates a wide range of damaging alterations with age, despite continuous surveillance and repair (Garinis et al., 2008; Lombard et al., 2005; Vijg, 2004) . Recent work extends the impact of genomic defects to an age-associated deregulation of the epigenome (reviewed in Oberdoerffer and Sinclair, 2007) , suggesting that the accumulation of DNA damage and genomic instability with age may be a critical contributor to the ageing process, though perhaps in a more indirect and complex way than first proposed.
The accrual of genomic defects can affect cellular function on many levels. For example, mutations in coding regions of DNA can cause abnormal protein expression or function, and chromosomal translocations and rearrangements can result in apoptosis, tumor formation or senescence (Campisi, 2005) . DNA damage and its repair have also been linked to wide-ranging chromatin alterations that surround the sites of damage and may affect a large number of genomic loci, including coding regions and structural components (Downs et al., 2007) .
Like mutations, epigenomic changes to chromatin are a conserved hallmark of ageing (Oberdoerffer and Sinclair, 2007) . A major difference, though, is that epigenetic changes are theoretically reversible. This is due to the fluid nature of chromatin, a complex packaging system, in which DNA is wrapped around a protein core of four different histone dimers, forming the basic building blocks of chromatin called nucleosomes. This highly dynamic form of nuclear organization influences both DNA stability and gene-expression patterns (Cheutin et al., 2003; Grewal and Jia, 2007) and its level of compaction can be modulated through a variety of reversible chemical modifications of histones or modifications of DNA itself (Kouzarides, 2007) . Amongst the most prominent posttranslational modifications are histone acetylation and histone or DNA methylation. The enzymes that catalyze those changes are comprehensively referred to as chromatin modifiers. Histone acetylation renders chromatin accessible for transcriptional regulators and DNA binding factors, whereas histone and DNA methylation have the opposite effect, although certain types of histone methylation are linked to active transcription (Kouzarides, 2007) . Highly compacted, transcriptionally silent chromatin is generally referred to as ''heterochromatin'', whereas the more accessible chromatin is ''euchromatin''.
The potential of DNA damage to affect cell function both through direct alterations to the DNA sequence and through indirect, epigenetic changes in chromatin structure puts it at a critical position to influence the ageing of eukaryotes. In this Of all the proposed causes of ageing, DNA damage remains a leading, though still debated theory. Unlike most other types of age-related cellular damage, which can hypothetically be reversed, mutations in DNA are permanent. Such errors result in the accumulation of changes to RNA and protein sequences with age, and are tightly linked to cellular senescence and overall organ dysfunction. Over the past few years, an additional, more global role has emerged for the contribution of DNA damage and genomic instability to the ageing process. We, and others have found that DNA damage and the concomitant repair process can induce genome-wide epigenetic changes, which may promote a variety of age-related transcriptional and functional changes. Here, we discuss the link between DNA damage, chromatin alterations and ageing, an interplay that explains how seemingly random DNA damage could manifest in predictable phenotypic changes that define ageing, changes that may ultimately be reversible.
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